α-Ketoamides have attracted the interest of synthetic chemists because they constitute a basic structural unit of biologically important compounds such as cyclotheonamide, RARγ agonist, and FK506, 1 providing numerous synthetic methods for their preparation. Approaches to the preparation of α-ketoamides can be classified into four categories: (1) amidation of α-keto acids, 2 (2) double carbonylation of amines, 3 (3) oxidation of precursor molecules such as α-hydroxyamides, 4 α-cyanoamides, 5 α-aminoamides, 6 and ynamides, 7 and (4) oxidative coupling of amines with isocyanides, 8 aldehydes, 9 methylketones, 10 alkynes, 11 or α-carbonyl aldehydes. 12 The latter two methods using molecular oxygen, an ideal oxidant, as the oxygen source have received much attention. Although these approaches are very attractive, most of the approaches require transition metals such as copper, making the method environmentally less friendly. We are aware of only one example involving molecular oxygen as an oxidant without any additives. 13 There, Kumar et al. reported the oxidation of 2,2-dibromo-1-aryl ethanones to α-ketoamides in the presence of air or oxygen and secondary amines. However, long reaction times (18−26 h) and heating at 40−50°C are required and the substrate scope is also limited to aryl derivatives. Another problem in the synthesis of α-ketoamides is that only a few methods are applicable to the parent N-unsubstituted derivatives.
8a,10d Herein, we report a new straightforward approach to the preparation of α-ketoamides that involves oxidation of siloxy-N-silylketenimines, generated in situ from O-silyl cyanohydrins, with atmospheric air or molecular oxygen at room temperature in the absence of any transition metals.
During our attempts to generate enantioenriched Nprotected ketenimines, 14, 15 in which no chiral elements other than an axial chirality is present, by a center-to-axial chirality transfer from chiral α-nitrile carbanions, 16 we had the opportunity to prepare N-silylketenimines from O-silyl cyanohydrin and to examine their chemical behavior. According to the procedures reported by Cunico and Kuan 15c and the modified one reported for O-tert-butyl derivatives by Denmark and co-workers, 17 when O-silyl cyanohydrin of α,β-unsaturated aldehyde 1a was treated with NaHMDS (1.2 equiv) in the presence of i-Pr 3 SiCl (TIPSCl) (1.1 equiv) in THF at −80°C for 10 min and then concentrated after warming to room temperature, an essentially pure sample of siloxy-N-silylketenimine 2 was obtained, and it showed a characteristic signal for the sp carbon atom of ketenimines at 211.0 ppm in the 13 C NMR (Scheme 1).
18 Filtration of the sample through Celite using n-hexane under exposure to air to remove inorganic salts, however, resulted in the complete disappearance of 2 in contrast to the results reported by Denmark. 17 On the basis of comparisons of its spectral data with those reported for analogous compounds, the major product was suggested to be α-ketoamide 3, of which purification via column chromatography on silica gel resulted in the formation of an N-monosilyl derivative 4a. The structure of 4a was confirmed on the basis of X-ray analysis of O-silyl-α-hydroxyamide derivative 5 that was obtained by NaBH 4 reduction and silyl transfer to afford 6.
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The formation of α-ketoamide 3 indicates the intervention of an oxidation process during the filtration, suggesting direct oxygenation of ketenimine 2 by an atmospheric oxygen or hydrolysis by atmospheric moisture to β-hydroxyamide 7 followed by air oxidation (Scheme 2).
To gain an insight into the mechanism for the formation of an oxidation product 3, we examined the chemical behavior of siloxy-N-silylketenimine 2 toward water and air. Exposure of 2 obtained by concentration of the reaction mixture to water and THF under anaerobic conditions gave back 1a in 82% yield, indicating that the α-ketoamide is not formed under conditions without oxygen and that hydrolysis of α-ketoamide does not precede the oxidation (Scheme 3).
On the other hand, when 1a was treated with NaHMDS and TIPSCl under a nitrogen atmosphere at −80°C for 10 min and then the nitrogen supply was replaced by oxygen and the solution was allowed to warm to room temperature followed by hydrolytic workup, α-ketoamide 4a was obtained in 27% yield together with a silyl ester derivative 8 in 18% yield. Relatively low conversion yields are probably due to hydrolysis of the ester group in 8 during the aqueous workup and purification using column chromatography on silica gel (Scheme 4a). The structure of 8 was confirmed by comparison with a separately prepared authentic sample from crotonic acid. When acetic acid (1.1 equiv), which should cause immediate protonation of the base, a sodiocarbanion, and/or an N-sodioketenimine if they remain unreacted, was added before replacement of nitrogen to oxygen atmosphere at −80°C, almost the same yields of 4a (28%) and 8 (16%) as those without addition of acetic acid were obtained with no detectable amount of 1a (Scheme 4b). This observation indicates that the formation of siloxy-Nsilylketenimine 2 was completed at −80°C within 10 min. 20 In fact, quenching the reaction at −80°C followed by the usual aqueous workup and then silica gel chromatographic purification resulted in the formation of α-ketoamide 4a in an acceptable yield (Scheme 5). The result suggests that the rate of oxidation of 2 by atmospheric oxygen is much faster than that for giving back 1a by hydrolysis.
Since reaction of atmospheric oxygen, a triplet dioxygen 3 O 2 , with singlet organic molecules is a spin-forbidden process, for the spontaneous occurrence of a reaction, generally, either 3 O 2 or organic substrates should be activated photochemically. 21 However, it is known that a particular type of organic substrate such as a strained acetylene can be involved without any activation in the formation of typical products generated via a singlet oxygen.
22 Turro and co-workers reported that diphenylketene undergoes a direct reaction with a triplet oxygen to give diradical and/or zwitterionic intermediates, which are collapsed to benzophenone via a 1,2-dioxetanone intermediate after a triplet−singlet intersystem crossing. 22j This and other reports 22a,b led us to speculate a similar type of reaction pathway involving an intersystem crossing as shown in Scheme 6. Thus, the addition of triplet oxygen to siloxy-Nsilylketenimine 2 would afford a biradical intermediate 9 that leads to a 3-imino-1,2-dioxetane derivative 10 23 or an 3-imino-1,2-dioxane derivative 11 via triplet−singlet intersystem crossing and then collapse to α-ketoamide 3 and silyl ester 8 as well as 3 and allyl alcohol derivative 12 via reductive cleavage of the peroxide bond by the participation of an easily oxidizable species such as hexamethyldisilazane in the system, respectively. 24 The formation of a silyl ester 8 is compatible with the former pathway but not with the latter. The fact that a Z-to-E isomerization of the double bond was not observed in the reaction of (Z)-1b indicates that the possibility of a pathway via 3-imino-1,2-dioxane 11 is unlikely (Scheme 7).
To delineate the structural requirements for the reaction, reactions of alkyl-substituted and phenyl-substituted derivatives 1c and 1d were conducted under the same conditions as those used for 1a (Table 1) . While the starting material was recovered in the case of 1c, the reaction of 1d proceeded to give 4d in 6% yield along with recovery of the starting material (87%) (entries 2 and 3). In the latter case, the yield was improved to 45% by carrying out the reaction in an oxygen atmosphere (entry 6). The formation of oxidation products in phenyl derivatives is also incompatible with the intermediacy of 1,2-dioxane 11.
Although further experimental and theoretical study is required to propose a detailed mechanism, the abovementioned results suggest a processes that involves 1,2-dioxetane intermediates and a triplet−singlet thermal intersystem crossing.
Aside from the mechanistic aspect of their formation, the oxidation reaction has the following unique and interesting features from a synthetic point of view: (1) the starting O-silyl cyanohydrins are readily available, (2) the reaction proceeds under very mild conditions that do not require an elevated temperature and transition metals such as copper, and (3) the parent N-unsubstituted derivatives can be readily prepared unlike most of the known methods. Therefore, we proceeded to evaluate the scope of the reaction using O-silyl cyanohydrins derived from α,β-unsaturated aldehydes. After conversion of Osilyl cyanohydrins to an N-silylketenimine 2 by reaction with NaHMDS and TIPSCl at −80°C for 10 min, Et 2 O and water were added, and then the reaction mixture was kept open to air (condition A) or under an oxygen atmosphere (condition C) (Scheme 8). The oxidation reactions that proceeded sluggishly under an air atmosphere were improved by carrying out the reaction under oxygen atmosphere.
In conclusion, we have demonstrated that α,β-unsaturated siloxy-N-silylketenimines, readily derived from the corresponding aldehydes, can be transformed to α-ketoamides by brief exposure to air or oxygen. Not only does the process offer a very convenient and efficient procedure for the synthesis of α-ketoamides, particularly N-unsubstituted ones, due to its operational simplicity, mild reaction conditions, and the ready availability of the starting aldehydes but also it provides a further example of organic substrates that can react spontaneously with 
